. Peptide uptake of E. coli WM26.26 lys and several transport mutants Rates of uptake were determined by using the fluorescamine assay or by liquid-scintillation counting of glycyl[ I4C lphenylalanine radioactivity. Values given are the averages for two to five separate determinations. N.D., not detectable; -, not determined.) Uptake (nmol of peptide/min per mg of protein) alanylalanyl-~-2-aminoxypropionic acid, and the opp-mutant was still sensitive to alanyl-~-2-aminoxypropionic acid. In contrast, resistance to different toxic di-and oligo-peptides was gained by the dpp-and opp-strains respectively.Regarding (2). direct assays for both intracellular peptidases and membrane bound peptidase N showed no difference in activity between the wild type and any of the three mutants. Finally, the transport defects were indicated by directly measuring the rates of uptake of a range of peptides (Table I) , by using an automated adaptation of the fluorescamine assay (Nisbet & Payne, 1979) , and by using glycyl114C1phenylalanine.
The mutations affect the uptake of a range of peptide types (which require different peptidases for their hydrolysis). Loss of the oligopeptide permease decreases uptake of both tri-and dipeptides; dipeptides, however, are affected to a lesser extent. These results confirm previous conclusions on the specificity of the oligopeptide permease (Payne & Gilvarg. 1978) . The dpp-mutant shows a marked decrease in uptake of all tested dipeptides, in agreement with previous conclusions on this system (Payne & Gilvarg, 1978) . However, surprisingly, uptake of certain tripeptides was also decreased, suggesting that the dipeptide permease system, although mainly active towards dipeptides, may not be absolutely specific to them; the implications of this finding require further exploration. The uptake remaining in the dpp-opp-mutant corresponds to that previously assigned to 'specialized' permease(s); however, most peptides tested are transported in this mutant, suggesting that its specificities are not restricted but broad.
Arsenate inhibited uptake by about 70% in all strains; dicyclohexylcarbodi-imide had no effect. It appears each permease is coupled directly to phosphate-bond energy. Peptide transport in Streptococcus faecalis has not previously been studied in depth. Kihara et al. (1961) and Brock & Wooley (1964) showed that peptides are accumulated by a different route to amino acids. Recent studies on the activities of antimicrobial phosphonopeptides (Atherton et al., 1979) also allow some deductions about the range of substrates transported. Here we present evidence for two peptide-transport systems of differing specificity in Strep. faecalis.
Strep. faecalis (faecium) A.T.C.C. 9790 was obtained from Dr. F. M. Harold, National Jewish Hospital, Denver, CO, U.S.A. Cultures were maintained on agar (1.596, w/v) plates containing Roche Sensitivity Test Medium Type 2 with a vitamin supplement (Allen et al., 1979) , and routinely grown at 37OC in the same medium without agar. Bacteria for Vol. 8 transport studies were harvested during exponential phase (0.08-0.25 mg dry wt. -ml-l), collected on cellulose acetate filters (Oxoid, 25mm diam., 0 . 4 5~~ pore size), washed and resuspended (0.1-0.3 mg dry wt.. ml-I) in 25 mM-KH,PO,/ K,HPO, buffer. pH 6.9, containing glucose (0.2%, w/v), and after incubation at 37OC for lOmin, peptide (0.1 mM) was added. Transport of I4C-labelled peptides was determined by periodically collecting 0.5 ml portions (on Whatman GF/C filters) and washing with NaCl (0.9%, w/v). Filters were dried, and accumulated radioactivity determined by liquid-scintillation counting. Transport of unlabelled peptides was determined by using fluorescamine (Nisbet & Payne, 1979) . The previously reported procedure was automated to allow continuous monitoring of peptide concentration in the medium (T. M. Nisbet and J. W. Payne, unpublished work).
Putative peptide-transport mutants were selected by their resistance to peptide-mimetic antibiotics (gifts from Dr. J. Morley, ICI Pharmaceuticals Ltd., Macclesfield, Cheshire, BIOCHEMICAL SOCIETY TRANSACTIONS (Table I) . However, in strain TN 97902 only the dipeptide was transported, whereas in strain TN 979021 neither peptide was taken up. These results suggest that the resistance of strain TN 97902 to prolylalanyl-~-2-aminoxypropionic acid, and of strain TN 97902 1 to alanyl-~-2-aminoxypropionic acid is in each case due to the loss of a transport system.
The uptake of alanylalanyl-L-[14C laminoethylphosphonic acid in strain A.T.C.C. 9790 was severely inhibited (7045%) by a 1 : 1 molar ratio of tri-, tetra-and penta-alanine, and, to a lesser extent (less than 50%), by dialanine. However, although transport of di-and tri-alanine was readily measured (Table 1) by using this standard fluorescamine assay, the uptake of tetra-and penta-alanine could not be detected (i.e. is less than 5 nmol. min-I mg dry wt.-I). These results are consistent with the presence in strain A.T.C.C. 9790 of a system that transports tri-to penta-peptides at a low rate, and, to a lesser extent, handles dipeptides. The absence of the system in strain TN 97902 does not detectably alter the rate of transport of those (rapidly absorbed) natural di-and tri-peptides tested (Table 1) . However, no peptide transport could be detected in strain T N 979021 ( Table I ), suggesting that the resistance of this strain to alanyl-~-2-aminoxypropionic acid is caused by loss of a major system that transports dipeptides and, to a lesser extent, tripeptides.
In summary, strain A.T.C.C. 9790 apparently possesses a system that transports dipeptides at high rate and tripeptides to a lesser extent, plus a low-rate system for oligopeptides, which handles dipeptides to a limited extent.
